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EXECUTIVE SUMMARY 
 

The Department of Energy Office of Nuclear Energy’s Fuel Cycle Technologies program 
is preparing to evaluate several proposed nuclear fuel cycle options to help guide and 
prioritize Fuel Cycle Technology research and development.  Metrics are being 
developed to assess performance against nine evaluation criteria that will be used to 
assess relevant impacts resulting from all phases of the fuel cycle.  This report focuses on 
four specific environmental metrics. 

 land use 

 water use 

 CO2 emissions 

 radiological Dose to workers 

Impacts associated with the processes in the front-end of the nuclear fuel cycle, mining 
through enrichment and deconversion of DUF6 are summarized from FCRD-FCO-2012-
000124, Revision 1.  Impact estimates are developed within this report for the remaining 
phases of the nuclear fuel cycle.  These phases include fuel fabrication, reactor 
construction and operations, fuel reprocessing, and storage, transport, and disposal of 
associated used fuel and radioactive wastes. 

Impact estimates for each of the phases of the nuclear fuel cycle are given as impact 
factors normalized per unit process throughput or output.   These impact factors can then 
be re-scaled against the appropriate mass flows to provide estimates for a wide range of 
potential fuel cycles.  A companion report, FCRD-FCO-2013-000213, applies the impact 
factors to estimate and provide a comparative evaluation of 40 fuel cycles under 
consideration relative to these four environmental metrics.    
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ACRONYMS 
ADS Accelerator driven system 

BWR Boiling water reactor 

DOE-NE  United States Department of Energy Office of Nuclear Energy 

DU Depleted uranium 

EIA  United States Energy Information Administration 

EIS Environmental Impact Statement 

EPA United States Environmental Protection Agency 

FCRD Fuel Cycle Research and Development 

FEFC Front-End of the Nuclear Fuel Cycle 

FFH Fission-Fusion Hybrid 

GJ Giga Joules(109 Joules) 

GW GigaWatt (109 Watts) 

GWe GOgaWatt electric 

GWh GigaWatt hours 

GTTC Greater-than-Class-C radioactive waste 

HF Hydrofluoric acid 

HLW High level radioactive waste 

HWR Heavy water reactor 

HTGR High-temperature gas reactor 

ISOM Inspection, Surveillance, Operations, and Maintenance 

J Joules (energy unit) 

kSWU Kilo-Separative Work Unit (1,000 SWU) 

L Liters 

LEU  Low-enriched uranium 

LLW Low level waste 

LWR Light water reactor 
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MWh MegaWatt hours 

NFC Nuclear Fuel Cycle 

NRC United States Nuclear Regulatory Commission 

PWR Pressurized water reactor 

R Roentgen 

R&D Research and Development 

rad Radiation absorbed dose (0.01 Gy, 0.01 J/kg) 

rem Roentgen equivalent man (10-2 Sieverts) 

SFR Sodium-cooled fast reactor 

SNF Spent Nuclear Fuel 

STD Storage, transport, and disposal 
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Th-232 Thorium-232 (also presented as 232Th, 232Th) 
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1. OBJECTIVE AND APPROACH 

Land Use

Note: Only the permanent land use component accrues. The non
permanent component of the land use reaches steady state
where land is being decommissioned and placed back into
circulation at the same rate that new land is being taken out of
service for new facilities. Thus, inclusion of the temporary land
use adds a measure of conservatism in the estimate that is
correlated to the ratio of temporary vs. permanent land use.

Water Use

Note: Water conservation and/or recycling technologies are often
commensurate with the local perceived value of this resource.
Hence, water usage for a given technology often varies widely.

CO2 Emissions
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Occupational Radiological Exposure
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Figure1-2.  Material and Energy Balance for each NFC Phase 

 

 

 

 

Each Major
FCPhase

Process
Input

Process
Output

Matls. Energy Water

CO2 Radiolgical
Waste
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2. FRONT-END OF NUCLEAR FUEL CYCLE 
 

A previous study [Carlsen 2013] developed metrics for evaluating environmental, safety and 
health, and cost impacts resulting from the front-end of the nuclear fuel cycle   Using fuel-cycle-
specific parameters such as fuel specifications and product mass flows, these normalized impacts, 
provided below in Table 2-1, can be converted to impacts per unit electrical energy output from 
any specified nuclear fuel cycle.  Details on impacts and data sources for each part of the FEFC 
are documented in the previous study and not repeated here.   

.  
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3. FUEL FABRICATION 
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Table 3-1. Summary of UOX and MOX fuel fabrication land, water, and CO2 impacts   

UOX Impacts MOX Impacts 

Normalization Unit MTIHM MTIHM 

Land Use (km2) 1.02E-04 1.02E-04 
Water Use (ML)1 1.41E-01 5.21E-01 
CO2 Emissions (kg CO2) 2.85E+05 4.45E+05 
Occupational Radiological Dose (person-mSv) 1.43E+00 1.17E+01 

1. Water use estimate reflects potable plus raw water consumption at the reference facility 

3.1 LAND USE 

3.2 WATER USE 

3.3 ENERGY USE AND CO2 EMISSIONS 
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3.4 OCCUPATIONAL RADIOLOGICAL DOSE 

 

 

 

Table 3-2.   Radiological Impacts to Workers for Fuel Fabrication 

LEU Fuels Pu, Th fuels U 233, MA fuels
1.43 11.66 0.38



Land and Water Use, CO2 Emissions, and Worker Radiological Exposure Factors for the  
Nuclear Fuel Cycle 
August 2013 11 

3.4.1 HANDS-ON FUEL FABRICATION 

 
 
 

Table 3-3. US LEU-Oxide Fuel Fabrication Facilities and Annual Production Capacities 

Country Facility Location
Capacity

(MTIHM/year)
Capacity

(MTUF6/year) Notes

USA

Westinghouse Electric
Company LLC
Columbia Fuel Fab
Facility

Columbia, South
Carolina 1150 1700

Uses Dry
Process

USA Areva NP Inc. Richland, Washington 700 1035
Uses Dry
Process

USA
Global Nuclear Fuel
Americas, LLC

Wilmington, North
Carolina 1200 1775

Uses Dry
Process

Sources: [ANL 2001, Areva 2013a, NRC 2010, GNF A 2007]

Table 3-4. Occupational Radiological Impact Data from LEU-Oxide Fuel Fabrication Facilities 
from Years 2000-2010 

Year
Facility Annual Worker Collective Dose [person mSv/year]

Westinghouse Electric
Company Areva NP, Inc. Richland

Global Nuclear Fuel
Americas, LLC.

2000 6154.67 1221.37 1126.91
2001 7251.77 1052.24 860.00
2003 2454.92 951.23 572.63
2004 2361.40 855.38 700.70
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2005 1912.00 341.80 599.84
2006 2624.57 803.47 589.94
2007 1827.42 728.51 495.66
2008 1587.14 668.84 734.59
2009 1512.54 897.01 480.03
2010 1419.00 999.76 491.68

10 year
Average: 2910.54 851.96 665.20
Notes: The 2002 annual report was not available online through the NRC's website
Sources: [NRC 2001, 2002, 2004, 2005, 2006, 2007, 2008, 2010a, 2011, and 2012]

Table 3-5. Occupational Radiological Health Impacts for LEU-Oxide Fuel Fabrication facilities 

Parameter

Facility Average Worker Collective Dose
[person mSv/MTIHM]

Westinghouse
Electric
Company

Areva NP, Inc.
Richland

Global Nuclear
Fuel
Americas, LLC.

10 yr Average Annual Collective Dose [person mSv/year]
from Table 3 4 2.91E+03 8.52E+02 6.65E+02
Annual Production Capacity [MTIHM/year] 1.15E+03 7.00E+02 1.20E+03
Facility Specific Normalized Metric [person mSv/MTIHM] 2.53E+00 1.22E+00 5.54E 01
Average Normalized Collective Dose
[person mSv/LEU Oxide MTIHM] 1.43E+00

3.4.2 GLOVE BOX AND HOT CELL 



Land and Water Use, CO2 Emissions, and Worker Radiological Exposure Factors for the  
Nuclear Fuel Cycle 
August 2013 13 

Table 3-6.  Collective Doses to Workers from Glove Box and Hot Cell Fuel Fabrication  

Pu, Th fuels U 233, MA fuels

0.43 0.014

Normalized Occupational Radiological Dose
(person mSv/MTIHM) 11.66 0.38

*

3.4.3 OTHER CONSIDERATIONS 

4. REACTOR CONSTRUCTION AND OPERATIONS 
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Table 4-1. Reactor construction and operations land, water, and CO2 impacts 

Normalization Unit 

Reactor Construction 
Impacts 

Reactor Operations 
Impacts 

GWeyr  

Land Use (km2) See note 1 7.27E-02  
Water Use (ML) See note 2 2.37E+04 
CO2 Emissions (kg CO2) 1.16E+07 See note 3 
Occupational Radiological Dose (person-mSv) Not Applicable 7.30E+02 

1. Land use for construction is absorbed into that used during reactor operations. 
2. Assumed to be negligible relative to water use during reactor operations. 
3. Assumed to be negligible relative to reactor construction. 

4.1 LAND USE 

First, little or no land used for reactor construction and 
operations is permanent.  Although considerable land is committed to the production of 
nuclear energy, the vast majority of the land is unmodified and merely serves as a buffer 
zone around the plant.  This, along with actual land occupied by the reactor plant and 
supporting facilities, will be available for other use following reactor decommissioning.   

the temporary land occupied is not proportional to the energy produced but to 
the energy production capacity.   A 1GWe reactor with a 60-year plant lifetime and a 90% 
capacity factor will produce 54 GWeyr of energy.  So, the land impact per GWeyr is 
1/54th the land that is actually committed to support the associated reactor.   Although, 
defined this way, this metric does not provide a ‘snapshot’ of the land tied up nuclear 
plants at any given time, it does provide a land use value for comparison with other 
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environmental impacts based on impacts per unit energy produced.  Note however that, if 
the same amount of land is used for a reactor over ‘n’ reactor lifetimes, the land use for 
reactor operations would be reduced by a factor of 1/n.  
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Figure 4-1. Crystal River Unit 3 site boundary and exclusion area. Source [NRC 2012a] 
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4.2 WATER USE 

Table 4-2. Summary of water withdrawals and consumption for reactor operations. Adapted from 
[Shropshire 2009]. 

4.3  ENERGY USE AND CO2 EMISSIONS 
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4.4 OCCUPATIONAL RADIOLOGICAL DOSE 

Table 4-3. Radiological Impacts to Workers for Candidate Reactor Systems  
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4.4.1 BWR AND PWR 

Table 4-4. Occupational Dose and Energy Production Data from U.S. BWRs from Years 1994-
2010    
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10 year average (2001 2010) 1.77E+03
3 year average (2008 2010) 1.57E+03

 
Table 4-5. Occupational Dose and Energy Production Data from U.S. PWRs from Years 1994-
2010  

10 year average (2001 2010) 8.8E+02
3 year average (2008 2010) 7.3E+02

4.4.2 HEAVY WATER REACTORS 
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Table 4-6. Occupational Dose and Energy Production Data for Canadian CANDU HWRs from 
2009 

Average 1.83E+03

Table 4-7. Occupational Dose Data from Outages and During Electricity Generation from 2009 
for Canadian CANDUs (HWRs) 
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Average 139 847 986

 

 

 
 

 

 

4.4.3 SODIUM-COOLED FAST REACTORS 
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Table 4-8. Occupational Dose and Energy Production Data for the Russian BN-600 from 2005-
2010 

4.4.4 HIGH-TEMPERATURE GAS REACTORS 
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4.4.5 MOLTEN SALT REACTORS 

4.4.6 ACCELERATOR DRIVEN SYSTEMS 
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Table 4-9. Analogous ADS System Components and Associated Worker Dose Estimates 

4.4.7 FISSION-FUSION HYBRID REACTORS 
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Table 4-10. Analogous FFH System Components and Associated Worker Dose Estimates 

 
 

5.  REPROCESSING AND WASTE CONDITIONING 
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Table 5-1. Summary of reprocessing land, water, and CO2 impacts 
  Impacts 
Normalization Unit MTIHM 

Land Use (km2) 4.41E-05 
Water Use (ML)1 4.83E-01 
CO2 Emissions (kg CO2) 5.15E+05 
Occupational Radiological Dose (person-mSv) 3.80E-01 

1. Water use estimate reflects potable plus raw water consumption at the 
reference facility. 

5.1  LAND USE 

5.2 WATER USE 

5.3 ENERGY USE AND CO2 EMISSIONS 
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5.4 OCCUPATIONAL RADIOLOGICAL DOSE 

Table 5-2. Radiological Worker Impacts for Recycling and Reprocessing Operations 

Fuel Reprocessing/
Recycling Technology

High Temp/Dry Aqueous
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Occupational
Radiological Dose
(person mSv/MTIHM)

0.38 0.38

Confidence Level Low High Med Med Low

5.4.1 AQUEOUS TECHNOLOGIES 
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5.4.2 HIGH TEMPERATURE/DRY TECHNOLOGIES 

6.  STORAGE, TRANSPORT, AND DISPOSAL 
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Table 6-1. Summary of disposal land, water, and CO2 impacts 

  
Shallow Land 

Burial Impactsa 
Geologic 

Repository Impacts 
Normalization Unit MT waste MTIHM 

Land Use (km2)a 9.74E-6 1.50E-03 

Water Use (ML) 2.3E-04 1.43E-01b 
CO2 Emissions (kg CO2) 1.82E+00 see detail below 

Excavation & Closure  2.49E+04 
Operations  6.32E+04 
Waste Packages and Drip Shields   

Fabrication  2.71E+04c 
Waste Package materials  2.91E+04d 
Drip Shield materials  1.30E+03 

Occupational Radiological Dose (person-mSv) 1.32E-01e 1.06E+00f 

Table 6-2. Summary of storage land, water, and CO2 impacts 
  Interim Storage Impacts 

Normalization Unit MTIHM 

Land Use (km2) 3.0E-05 

Water Use (ML) negligiblea 

CO2 Emissions (kg CO2) see detail below 

Concrete Manufacture 3.11E+04 

Storage Package Fabrication See note a 

Storage Package Materials See note a 

Occupational Radiological Dose (person-mSv) 1.16E+00 
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6.1 LAND USE 
6.1.1 INTERIM SURFACE STORAGE 

 

6.1.2 DEEP GEOLOGIC REPOSITORY 
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Figure 6.1. Land withdrawal area. Source: [DOE 2002] 
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6.2 WATER USE 
6.2.1 INTERIM SURFACE STORAGE 

6.2.2 DEEP GEOLOGIC REPOSITORY 

Table 6-3. Water use for repository construction, operation, and closure  

Phase 
Duration 

(yr) 
Water Demand 
(acre-feet/yr) 

Total Water 
Demanded during 
Phase (acre-feet) 

Construction 5.00E+00 1.60E+02 8.00E+02 
Operation & Monitoring 

Operations Period 
Emplacement and Development 2.20E+01 2.30E+02 5.06E+03 
Subsequent emplacement only 2.00E+00 1.80E+02 3.60E+02 

Monitoring Period 
Initial decontamination 3.00E+00 2.20E+02 6.60E+02 
Subsequent monitoring & caretaking 7.30E+01 6.00E+00 4.38E+02 

Closure 1.00E+01 8.10E+01 8.10E+02 
Total Water Use: 8.13E+03 

6.3 ENERGY USE AND CO2 EMISSIONS 
6.3.1 INTERIM SURFACE STORAGE 
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Table 6-4.  Interim Spent Fuel Storage Facility data from Ref. [Kessler 2009] 

Table 6-5.  Calculation of CO2 impact factor for interim surface storage* 
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6.3.2 DEEP GEOLOGIC REPOSITORY 

6.3.2.1 EXCAVATION 

Table 6-6.  Energy estimate for repository excavation and backfill 

value Units Source
Material extracted for YMP excavation 4.40E+06 m3 [DOE 2002]
Density of material extracted1 3.00E+00 MT/m3 [Pidwirny

2013]
MT of material extracted 1.32E+07 MT calculated
Energy required per MT extracted2 4.45E 01 GJ/MT [DOE 2002b]
Excavation energy for YMP 5.87E+06 GJ calculated
Backfill energy for YMP3 5.87E+06 GJ calculated
YMP capacity 70,000 MTIHM
Normalized excavation energy and backfill 1.68E+02 GJ/MTIHM calculated
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Table 6-7.  CO2 emissions estimate for repository excavation and backfill 
GJ/MTIHM kg CO2/GJ kg CO2/MTIHM

Total energy 1.68E+02
Energy from electricity (78%) 1.31E+02 168 2.20E+04
Energy from distillate fuels (22%) 3.69E+01 79 2.92E+03

Total CO2 2.49E+04

6.3.2.2  REPOSITORY OPERATION 

6.3.2.3 WASTE PACKAGE FABRICATION AND MATERIAL INPUTS 
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Table 6-8.  CO2 emissions for fabrication of waste packages and drip shields. 
GJ/$1 $/MTIHM GJ/MTIHM kgCO2/GJ2 kg CO2/MTIHM

Electricity 3.82E 04 2.92E+05 1.12E+02 168 1.87E+04
Natural Gas 5.27E 04 2.92E+05 1.54E+02 51 7.85E+03
Distillate
Fuels 1.99E 06 2.92E+05 5.81E 01 79 4.59E+01
LPG 3.98E 06 2.92E+05 1.16E+00 51 7.90E+01
Coal 1.69E 05 2.92E+05 4.94E+00 89 4.39E+02

Total 2.71E+04
1. From Table A 7 of Appendix A
2. From Table A 1 of Appendix A

6.4 OCCUPATIONAL RADIOLOGICAL DOSE 
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Table 6-9. Radiological Worker Impacts for ST&D Operations for Repository Wastes1 
Process Storage2 Transportatio

n
Disposal

Technology Wet Dry Near Surface Deep
Once through LWR cycle
(person mSv/MTIHM) 3.8E+00 1.2E+00 5.9E 01 1.32E 01 1.06E+0

0
LWR fuel reprocessing cycle NA NA 5.9E 01 1.7E 01 1.27
LWR MOX fabrication cycle NA NA 5.9E 01 9.7E 02 3.07

6.4.1 WET INTERIM STORAGE 
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Table 6-10. Occupational Dose and Production Data for a Wet Interim Storage Facility from 
1986-1996 

 

6.4.2 DRY INTERIM STORAGE 
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Table 6-11. Occupational Dose and Production Data for  Dry SNF Interim Storage Based on 
Baseline Scenario in [EPRI 2010] 

 
 

  

6.4.3 TRANSPORT 
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Table 6-12. Occupational Dose and Production Data of Fuel Cycle Material Transportation from 
1986-1996 

 
 

 

 

6.4.4 NEAR-SURFACE/SHALLOW LAND DISPOSAL 
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Table 6-13. Radiological Worker Impacts for LLW Shallow Land Burial Operations at U.S. 
Ecology 

 

 

First, a breakdown of types of dry and wet waste and the production of LLW by BWRs and 
PWRs was obtained from [Saling and Fentiman 2002] and is shown in Table 6-14. 

Table 6-14. Annual LLW Volumes Produced by LWRs 

LLW Type
1978 1981 1982 1985 1985 1986

PWR BWR PWR BWR PWR BWR
Average LLW Volume (m3 per year)

Dry waste
Compacted 136 405 180 296 122 222
Noncompacted 156 228 105 228 59 139
Filters 1 1 7 3 6 1
Subtotal 299 634 292 527 187 362

Wet Waste
Resins 30 59 42 62 31 68
Sludges 0 157 7 170 11 123
Concentrates 113 130 35 50 23 48
Oils 8 25 8 31
Miscellaneous 3 1 4 6
Subtotal 143 347 96 309 78 276
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Total Average Annual
LLW Volume, m3/yr 442 981 388 835 265 639
Source: (Saling and Fentiman 2002) Table 1.2 LLW from Nuclear Energy Plants (pg 8); Originally taken from
Radioactive Waste

Table 6-15. Electricity-Normalized LLW Volumes Generated by LWRs 

Parameter
1978 1981 1982 1985 1985 1986

PWR BWR PWR BWR PWR BWR
LLW Produced (m3/yr)
[from Table 6 14] 442 981 388 835 265 639
Electricity Production GWed/yr)

a 10994 13415 16619
Electricity Normalized LLW Production from
LWRs [m3 LLW/ GWed] 0.129 0.091 0.054
Average Burn up from LWRs [GWed/MTIHM]b 8.54 9.41 9.32
Initial fuel content normalized LLW
production from LWRs [m3 LLW/MTIHM] 1.102 0.856 0.503
Average initial fuel content normalized LLW
production from LWRs [m3 LLW/MTIHM] 0.82
a Derived from [EIA 2012a]
b Derived from [EIA 2012a]. Assumes 33% thermal to electrical efficiency. Weighted based on initial uranium content
for PWRs and BWRs.
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Table 6-16. Mass-Normalized Radiological Worker Impacts for Near-Surface LLW Disposal 
from Individual Fuel Cycle Operations1  
Operation Value Native Unit Value Normalized Unit

Enrichment: 3.11E 05 [m3 / kg SWU]2 4.3E 03
[person mSv/
MTIHM]

Uranium Fuel
Fabrication: 2.5 [m3 / MTIHM] of 2 3% enriched LEU3 5.4E 02

[person mSv/
MTIHM]

LWR Reactor
Operation: 0.82 [m3/ MTIHM] 1.8E 02

[person
mSv/MTIHM]

Depleted uranium
disposal 2.52 [m3 / MTIHM] 5.6E 02

[person
mSv/MTIHM]

Once through fuel
cycle total 1.32E 01

[person
mSv/MTIHM]

LWR Fuel
Reprocessing 7.56 [m3/MTIHM of SNF] 1.7E 01

[person
mSv/MTIHM]

LWR MOX Fuel
Fabrication 0.44 [m3/MTIHM as MOX] 9.7E 02

[person
mSv/MTIHM]

1. The normalized radiological impact incurred from a unit volume of LLW disposed is 0.022 person mSv/ m3 LLW. The value of
0.022 was multiplied by the values in the second column to produce the values found in 4th column.

2. To calculate the enrichment impacts: 1 MT SWU = 1 kiloSWU = 1000 kg SWU = 1.60E 01 MTIHM at LEU U235 wt% as 4.2%
3. Volume of LLW generated from fuel fabrication is expected to relatively be independent of LEU product enrichment.

 

6.4.5 DEEP GEOLOGICAL DISPOSAL 
Deep geologic disposal

Table 6-17. Radiological Worker Impacts for Deep Geological Disposal (SNF) 
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APPENDIX A – ENERGY AND CO2 CALCULATIONS 

Table A1. Carbon intensities used in this document (Adapted from [EIA 2010]) 

Carrier Factor Unit 
Gasoline 68 kg CO2/GJ(t) 
Distillate Fuel 79 kg CO2/GJ(t) 
Coal - Industrial Coking 89 kg CO2/GJ(t) 
Natural Gas 51 kg CO2/GJ(t) 
   
Coal - fired electricity (US avg) 272 kg CO2/GJ(e) 
Natural Gas fired elec. (US avg) 114 kg CO2/GJ(e) 
Electricity - US Grid Average 168 kg CO2/GJ(e) 
Electricity - Canada Grid Average 59 kg CO2/GJ(e) 
Electricity - Australia Grid Avg 248 kg CO2/GJ(e) 
Electricity - World Average 153 kg CO2/GJ(e) 

Table A2. CO2 emissions calculations for UOX fuel fabrication 

Direct Energy Inputs1

Embodied Energy Inputs2

Total CO2 Emissions (kg CO2/MTIHM) 2.85E+05
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Table A3. CO2 emissions calculations for MOX fuel fabrication 

Direct Energy Inputs1

Embodied Energy Inputs2

Total CO2 Emissions (kg CO2/MTIHM) 4.45E+05
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Table A12.  Physical dimensions of commercial waste package designs (Source: Table 3-7 [DOE 
2002a]) 

Table A13. Calculation of average weight of typical waste package (data sources: Table A11-12) 

Waste Package
Design

Mass of Empty
WP [kg]

Percentage of WPs
byWP design

Fractional Mass
of WP [kg]

67% 1.75E+03
Total Massa [kg] 2.65E+04
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Table A14. Carbon intensity calculation of material inputs for waste package fabrication and drip 
shields 

Material Weight [kg] Carbon
Intensity
[kg CO2/kg]

CO2

Emitted
[kg CO2]

Drip Shields
9.08E+07

Repository Capacity [MTIHM] 7.00E+04
CO2 Intensity [kg CO2/MTIHM] 1.30E+03

Waste Packages

Total CO2 Emitted per WP
[kg CO2/WP]

1.77E+05

Total number of WPsc 1.15E+04
Repository Capacity [MTIHM] 7.00E+04
CO2 Intensity [kg CO2/MTIHM] 2.91E+04

References:

236



Land and Water Use, CO2 Emissions, and Worker Radiological Exposure Factors for the 
Nuclear Fuel Cycle 
August 20  65 



Land and Water Use, CO2 Emissions, and Worker Radiological Exposure Factors for the 
Nuclear Fuel Cycle 
August 20  66 

APPENDIX B –  CO2 FOR METAL FUEL FABRICATION AND 
ELECTROCHEMICAL REPROCESSING 

Metal Fuel Fabrication and Electrochemical Reprocessing: Energy Use and CO2
Impact

Table B-1.  Metal Fuel and Electrochemical Reprocessing Plant Data from [Kim 2013] 
Item Unit Value for Metal

Fuel Fabrication
Plant

Value for E chem
Reprocessing Plant
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Table B-2.  Energy intensity data  
Item Unit Value Source

Table B-3.  Calculations and results 
Item Unit Value for

Metal Fuel
Fabrication

Plant

Value for E
chem

Reprocessing
Plant
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Total CO2 emissions intensity Kg
CO2/MTIHM

1.50E6 1.00E6
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APPENDIX C –THORIUM VS. URANIUM STORAGE, 
TRANSPORTATION, AND DISPOSAL 

 
Introduction

Storage

Transportation
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Disposal

Limitations and Conclusion
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